Salmonella enterica isolates representing commonly isolated serotypes in Tunisia were analyzed using genotyping and phenotyping methods. ERIC and ITS-PCR applied to 48 Salmonella spp. isolates revealed the presence of 12 and 10 different profiles, respectively. The distribution of profiles among serotypes demonstrated the presence of strains showing an identical fingerprinting pattern. All Salmonella strains used in this study were positive for the sdiA gene. Three Salmonella isolates belonging to serotypes Anatum, Enteritidis and Amsterdam were negative for the invA gene. The spvC gene was detected in thirteen isolates belonging to serotypes Anatum, Typhimurium, Enteritidis, Gallinarum and Montevideo. Antibiotic resistance was frequent among the recovered Salmonella isolates belonging to serotypes Anatum, Typhimurium, Enteritidis, Zanzibar and Derby. The majority of these isolates exhibited resistance to at least two antibiotic families. Four multidrug-resistant isolates were recovered from food animals and poultry products. These isolates exhibited not only resistance to tetracycline, sulphonamides, and ampicillin, but also have shown resistance to fluoroquinolones. Common resistance to nalidixic acid, ciprofloxacin and ofloxacin in two S. Anatum and S. Zanzibar strains isolated from raw meat and poultry was also obtained. Furthermore, wastewater and human isolates exhibited frequent resistance to nalidixic acid and tetracycline. Of all isolates, 33.5% were able to form biofilm.
Introduction
Several species within the genus Salmonella remain a primary cause of gastrointestinal infections worldwide. The pathogenicity of Salmonella depends fundamentally on its virulence factors controlled by chromosomal or plasmidborne determinants. The Salmondlla invasion gene invA is required for invasion into deeper tissue (Swamy et al., 1996) . Virulence plasmids are also implicated in survival and multiplication of Salmonella in the reticulo-endothelial system. Both an invasion gene and a virulence plasmid are indispensable for the full expression of virulence. In environmental settings, biofilms represent the common way of life of microorganisms (Latasa et al., 2005) . Salmonella is capable for forming biofilms on a variety of biotic and abiotic surfaces. These biofilms enable Salmonella to survive and spread in the environment outside the host (Janssens et al., 2008) . Both biofilm production and pathogenicity are controlled and regulated by so-called quorum sensing (QS) systems (Halatsi et al., 2006; Williams, 2006) . It has been reported that Salmonella SdiA detects and responds to AHL signals generated only by other microbial species (Sperandio, 2006; Walters and Sperandio, 2006) . In response to AHLs, SdiA regulates two Salmonella-specific loci potentially involved in resistance to human complement and intestinal survival or colonization, rck (resistance to complement killing) and srgE (sdiA-regulated gene E).
The most commonly incriminated foods in human salmonellosis are those of animal origin (Stevens et al., 2006) . Furthermore, Salmonella is frequently isolated from environmental sources, which can serve for the bacteria spread and play an important role in their transmission between different hosts (Liljebjelke et al., 2005; Stevens et al., 2008) . Concerns about the incidence of Salmonella and their potential to cause severe infections in humans have been exacerbated by the rising incidence of antibiotic resistance within this genus. Often the multidrug-resistance Salmonella strains are of animal origin and acquire their resistance in animals before being transmitted to humans through the food chain, or environment (Stevens et al., 2008; Threlfall, 2002) . When these resistant Salmonella strains gain access to the human food chain, their potential to cause severe human illness may increase through poor chill chain management systems, particularly in catering operations (Bolton et al., 2007) . To scrutinize the origins and the relationships among different strains isolated from diverse sources, more accurate methods than serotyping are required. Several modern typing methods including pulsed-field gel electrophoresis (PFGE), Enterobacterial Repetitive Intergenic Consensus sequence (ERIC), ribosomal DNA intergenic spacer amplification (ITS), and random amplified polymorphic DNA (RAPD) analysis based on characterization of the genotype are used for subtyping of Salmonella (Kumao et al., 2002) .
In Tunisia, the National Center of Enteropathogenic Bacteria (Centre National de Salmonella, Shigella, et VibrioInstitut Pasteur de Tunis) estimated that the serotypes Enteritidis, Anatum, Thyphimurium, Zanzibar, Amsterdam, Montevideo and Mbandaka belonged to the fifteen most prevalent serotypes isolated during the period 1994 2004 from human, animal, food, and environmental sources (Ben Aissa et al., 2007) . These serotypes have been found to be associated with human infections in previous studies (Adaska et al., 2006) .
The purpose of the present study is to investigate the molecular and phenotypic diversity of Salmonella enterica strains belonging to the most frequent serotypes isolated in Tunisia. Strains were characterized by i) Molecular typing methods, ii) detection of the virulence invA and spvC genes and the quorum sensing sdiA genes by PCR assay, iii) assessment of phenotypic antibiotic resistance profiles, and iv) biofilm-forming ability.
Materials and Methods
Bacterial strains. A total of 48 Salmonella spp. isolates collected during the period 2006 2008 were used in the present study. Table 1 shows the distribution of serotypes within the different types of samples (food, wastewater, animal, and human). Human isolates were obtained from the National Center for Enteropathogenic Bacteria at Pasteur Institute, Tunis, Tunisia. Isolation and identification were performed as described by Turki et al. (2014) . Serotyping was achieved at the National Center for Enteropathogenic Bacteria at Pasteur Institute, Tunis, Tunisia, on the basis of somatic O, phase 1 flagellar, and phase 2 flagellar antigen agglutination using commercial antisera (Bio-Rad, France) according to the White-Kauffman-Le Minor scheme of Popoff (2001) .
DNA extraction. The genomic DNAs of the Salmonella strains were extracted according to the method described by Turki et al. (2014) .
ITS 16S-23S PCR and ERIC-PCR.
Amplification of the16S-23S spacer region of the rRNA was performed using the primers complementary to the conserved regions of the 16S-23S bacterial rRNA genes, as previously reported by Wheeler et al. (1996) . The ERIC-PCR amplifications were performed in a 25-µl reaction volume containing 0.5 µM of the primer ERIC2 (Table 2) . Amplification was performed using a thermocycler (UNO II-BioMetra, Goettingen, Germany). PCR detection of virulence gene. Salmonella isolates were analyzed by PCR to detect the presence of virulence genes invA and spvC. PCR amplification was performed as described by Bhatta et al. (2007) using primer pairs presented in Table 2 .
PCR detection of sdiA gene. Primers sdiA1 and sdiA2 (Table 2) were used for Salmonella quorum sensing detection. Amplification was performed in a 25 µl final volume with a reaction mixture containing 0.125 µM of each sdiA primers (Halatsi et al., 2006) .
Antibiotic susceptibility testing. Antimicrobial susceptibility testing was performed using the disc diffusion method Biofilm formation. Colony morphology: To assess colony morphology, the method described by Malcova et al. (2008) was used with some modifications. Eighteen-hourold liquid bacterial cultures were plated on LB agar without salt supplemented with Congo red (0.8 µg ml 1 ). The colony morphology was determined after 96 h at 28 C (Turki et al., 2012) .
Tube test: In order to study the frequency of biofilm formation capacity of Salmonella spp. isolates, we analyzed the ability of strains to produce a biofilm in both a nutrientdeficient medium (M9) and -rich medium (LB) according to the method described by Solano et al. (2002) with some modifications. Glass tubes filled with 5 ml of M9 medium and LB broth without salt were inoculated with a loopful of a pure culture of a strain. Biofilm formation in LB and M9 medium was visualized after 96 h of incubation at 28 C and after 24 h of incubation at 37 C, respectively (Turki et al., 2012) .
Microtiter-plate test: This protocol was an adaptation of the methods used by Merritt (2005) and Malcova (2008) . Eighteen-hour-old bacterial cultures of Salmonella spp. grown in minimal medium (M9) and a rich medium (LB) were 20 times diluted into M9 and LB medium. Three wells of a sterile 96-well round-bottomed plastic plate with lids were filled with 200 µl of bacterial diluted culture. Negative control wells contained broth only. The plates were covered and incubated aerobically for 96 h at 28 C. The content of wells was aspirated, and each well was washed with sterile water. Then, 125 µl of 0.1% crystal violet solution was added to each well and stained 20 min at room temperature; excess of stain was rinsed off by placing the plate under running tap water. After the plates were dried, the dye was resolubilized with 200 µl of 80% ethanol/20% acetone per well. Absorbance was measured at 550 nm using an automated PR3 100 TSC Bio-Rad (Hercules, CA; Turki et al., 2012) .
Data analysis. The number and the size of DNAamplified fragments generated by ERIC-PCR and ITS-PCR were evaluated by visual inspection using the molecularweight DNA marker. To determine significant differences in the patterns, the reproducibility of results was assessed by repetition of at least three independent assays. The data analysis was performed by using Gel Pro 32 (MediaCybernetics, Rockville, MD).
Results

ITS 16S-23S profiling
Electrophoresis analysis of the amplified products showed 10 different patterns which disclosed two to six bands ranging from 425 to 850 bp (Fig. 1) . Pattern 2 was the most abundant type and existed in the majority of serotypes.
ERIC
The ERIC-PCR technique applied to 48 Salmonella spp. isolates revealed the presence of 12 different profiles. Depending on the strain, 1 to 7 bands were observed. The bands obtained ranged in size from 250 bp and 1,050 bp (Fig. 2) . The most abundant ERIC2-PCR types were 1, 3 and 7, which belonged to different serotypes.
Antibiotic resistance
In term of antibiotic resistance profiles, resistance was more common among some serotypes than others (Table 1) . Of the S. Enteritidis isolates, two human strains were resistant to both nalidixic acid and tetracycline, and one isolate obtained from wastewater demonstrated a multiresistant phenotype. Only one S. Anatum isolate was resistant to ticarcillin, ampicillin, cefalotin, ticarcillin-clavulanic acid, cefamandol, piperacillin, nalidixic acid, ofloxacin and ciprofloxacin, trimethoprim-sulfamethoxazole, and tetracycline. This isolate was derived from a food source. One human S. Typhimurium isolate showed resistance to both nalidixic acid and tetracycline and two isolates obtained from human and food sources exhibited multi-resistant phenotypes. Of the S. Zanzibar tested, two (22.2%) isolates were sensitive to all drugs tested. One human isolate was resistant only to nalidixic acid, five isolates (four isolates were obtained from wastewater and one isolate derived from a human) demonstrated resistance to both nalidixic acid and tetracycline, and one strain isolated from poultry displayed multiple resistance to ampicillin, cefalotin, cefamandol, piperacillin, and nalidixic acid. One isolate (50%) of S. Derby was resistant to nalidixic acid and trimethoprimsulfamethoxazole. This isolate originated from a food source. Overall, 31.25% of 48 strains were resistant to at least one antibiotic. The antibiotics to which resistance was most frequently detected were nalidixic acid and tetracycline (80%, 12/15) followed by ticarcillin, ampicillin, and piperacillin (33.33%, 5/15). Over a quarter (26.7%) of the isolates were resistant to trimethoprim-sulfamethoxazole. Fewer isolates were resistant to cefamandol (20%, 3/15), cefalotin (13.3%, 2/15), ticarcillin-clavulanic acid (13.3%, 2/15), ofloxacin (13.3%, 2/15) and ciprofloxacin (13.3%, 2/15). Lane M, molecular weight marker (100 bp ladder).
Fig. 2. DNA fingerprints patterns of Salmonella spp. isolates ERIC2-PCR (ERIC2 patterns 1 12).
Lane M, molecular weight marker (100 bp ladder).
Detection of virulence an quorum sensing genes PCR revealed the presence of specific bands referencing molecular weights of the virulence genes InvA-244 bp and SpvC-571 bp; and the quorum sensing gene sdiA-274 bp (Fig. 3) .
The investigation of the virulence genes InvA and SpvC from Salmonella spp. isolates revealed that 6.3% and 73%, respectively, did not represent the gene. Furthermore, all the samples that were negative for the InvA gene, coincidentally were also negative for the SpvC gene. The SpvC-positive isolates included S. Enteritidis (46.2%), S. Typhimurium (23%), S. Gallinarum (15.4%), S. Anatum (7.7%) and S. Montevideo (7.7%).
The analysis of the quorum sensing disclosed that all Salmonella spp. isolates were positive for the sdiA gene.
Biofilm formation capacity
The ability of Salmonella spp. isolates of different origins to produce a biofilm was analyzed in both M9 and LB media. The biofilm formation phenotypes were visualized as a ring of cells adhering to the glass wall at the air-liquid interface in M9 and as a pellicle containing a tight bacterial network on the air-broth interface in LB. The results summarized in Table 1 showed that 56% of the strains were unable to produce biofilm in M9 (M9 ), and 44% (21 of 48) of the strains tested were able to form biofilm in M9 (M9+). With respect to LB biofilm formation, nearly 40% (19 of 48) of the isolates tested produced a rigid pellicule (RP) in LB. Most of them (16 of 19, 85%) showed the RDAR morphotype on Congo red agar; the rest (3 of 19, 15%) displayed the smooth colored colony morphology described previously (SBAM for smooth brown and mucoid). Two food isolates (209, 351) able to form biofilm in M9 (M9+) were characterized by the presence of a pellicle of fragile appearance (FP) at the air-broth interface, which could easily be disrupted by shaking and was related to the RDAR and SBAM morphotypes (Fig. 4) . In addition, two S. Enteritidis isolates showed the M9 /FP/BDAR mophotype. Finally, 27% of the isolates were characterized by the total absence of a biofilm and presented the M9 /LB /SAW morphotype. These isolates were obtained from wastewater (46%), human (23%), food (15.5%), and animal (15.5%) sources. On the other hand 33.5% of isolates presented the M9+/RP/RDAR morphotype and were able to form biofilm. Among these isolates 37.5%, 31%, 19% and 12.5% came from food, animal, wastewater and human sources, respectively. 
Discussion
In this study, a collection of Salmonella enterica isolates representing commonly isolated serotypes in Tunisia, was analyzed using several genotyping and phenotyping methods. Applied to 48 Salmonella spp. isolates, ERIC-PCR and ITS-PCR revealed the presence of 12 and 10 different profiles, respectively. The distribution of profiles among serotypes demonstrated that different serotypes showed an identical fingerprinting pattern. The few correlations between ERIC and ITS-PCR fingerprinting can be utilized to advantage in parallel in a combined typing. The fusion of these two typing methods produced a better degree of diversity, resulting in 26 composite profiles for all the isolates. Composite C4 and C10 found in strains isolated from food, animal, environmental and human sources indicate a potential contamination through a cycle of infection involving humans, animals, food products and the environment.
Salmonella isolates were also typed by PCR using invA and spvC primers for virulence-related genes. Although the chromosomal invA gene is essential for epithelial cell invasion, three Salmonella isolates belonging to serotypes Anatum, Enteritidis and Amsterdam were negative for this gene. Similar results were observed in other studies with other serotypes (Malorny et al., 2003; Turki et al., 2012) . The spvC gene was detected only in thirteen isolates (27%) belonging to serotypes Anatum, Typhimurium, Enteritidis, Gallinarum and Montevideo. Montenegro et al. (1991) demonstrated that the majority of stains isolated from humans and animals were positive for the virulence plasmid. However, Swamy et al. (1996) reported that only 15.1% of Salmonella isolates carried the spvC gene. In our study, the strains represented different serotypes isolated from diverse sources, which may explain the low prevalence of spvC-positive isolates obtained. Only one human isolate carried the virulence plasmid. This result was in accordance with those of Swamy et al. (1996) , suggesting that spvC does not play an essential role in establishing the typical gastroenteritis caused by salmonellae in humans.
All Salmonella strains used in this study were positive for the sdiA gene. The role of the sdiA gene was described in the regulation of genes (rck, pefl, srgA) in Salmonella that contribute to intestinal survival or colonization (Ahmer, 2004) and interspecies communications (Sperandio, 2010; Walter and Sperandio, 2006) . Antibiotic resistance was frequent among the recovered Salmonella isolates belonging to serotypes Anatum, Typhimurium, Enteritidis, Zanzibar and Derby. Multidrugresistant isolates were recovered from food animals and poultry products. These results are similar to those of other studies (Van et al., 2007a; Wilson, 2004) , reflecting the use of these antibiotics in animal husbandry. Usually, multidrugresistant Salmonella are of animal sources and acquire their resistance in animals before being transmitted to humans through the food chain (Stevens et al., 2008; Threlfall, 2002) . Several studies demonstrated that the increase of antimicrobial resistance among food-borne pathogens in the last decades can be attributed to the selection pressure created by the inappropriate or uncontrolled application of antibiotics in veterinary medicine (Van et al., 2007b) , in addition to the unregulated use of antibiotics by humans in developing countries (Chiu et al., 2002; Van et al., 2007a) . Moreover, fluoroquinolones are the common choice of treatment against invasive and systemic infections caused by Salmonella spp. in humans and animals (Giraud et al., 2006) . Resistance to nalidixic acid may impair fluoroquinolone treatment (Stevenson et al., 2007) . Furthermore, wastewater is often contaminated by urban wastewater, by effluents of meat industries and by wastewater from livestock ranches (Espigares et al., 2006) . Several studies showed that the conventional wastewater treatment process does not guarantee their total removal (Howard et al., 2004) . The survival of Salmonella even with treatment implies the possibility of selection and dissemination of the most resistant strains.
Biofilm formation in Salmonella is associated with the multicellular and aggregative behavior described as the RDAR morphotype and with the formation of pellicles at the air liquid interface in standing culture . These phenotypes are characterized by the elaboration of Tafi, cellulose, and extracellular polysaccharides (DeRezende et al., 2005; Solano et al., 2002) , all of which come together to form the extracellular matrix. This matrix links individual cells together and confers resistance to oxidative and acid stress and to bleach (Anriany et al., 2006) , enhances the resistance of Salmonella to desiccation and antimicrobial agents (Scher et al., 2005) , mediates direct interactions between the bacteria and the environment, facilitates environmental persistence, and contributes to long-term survival . Therefore, biofilm production has a fundamental role for Salmonlla survival outside host environments . Furthermore, due to characteristic growth conditions (growth under 30 C, nutrient limitation, low osmolarity) (Gerstel and Romling, 2001 ), augmented resistance to desiccation and antimicrobial stress (Solano et al., 2002) . hypothesized that the RDAR morphotype may contribute to contamination of different food products and passage between susceptible hosts. These suggestions are in agreement with results obtained in this study indicating that 37.5%, 31%, 19% and 12.5% of isolates able to form biofilm were from food, animal, wastewater and human sources, respectively. In addition, a relationship was observed between the RDAR morphotype and antimicrobial resistance in different serotypes, supporting the results of previous findings (Solano et al., 2002) .
